W heat (Triticum aestivum L) is one of the most critical food crops in the world, grown on large area and with large production among cereal crops. It is also the largest regarding area and production among cereal crops. Wheat can grow in varying topography with the possibility of adapting to extreme weather conditions. It is adapting to different types of agricultural environments from cold, to warm and temperate areas, and from high rainfall to dry areas. Admittedly, this great acclimatization has been reasonable due to the synthesis nature of the plant's genome, which gives high flexibility to it (FAO, 2014) .
Salt stress is one of the critical determinants limiting crop production (Wassmann et al., 2009) . Presently, around 20% of the whole agricultural areas are influenced by salinity (FAO, 2015) . It is expected that, by 2050, 50% of the world's arable area will be influenced by salinity (Machado and Serralheiro, 2017) . All agricultural soils and irrigation water contain salt. The amount and type of salts present depend on the makeup of both the soil and the irrigation water. The soil not considered saline unless the salt concentration in the root zone is high enough to prevent optimum growth and yield (FAO, 2015) . Salt stress can also affect crop growth through the effect of Cl and Na ions on the plant by specific ion toxicities, which occurs when these constituents in the soil water absorbed by the roots and accumulate in the plants stem or leaves. Often high concentrations of Na and Cl are synonymous with high salinity level (Munns and Tester, 2008) .
In Sudan, saline and sodic areas located in the dry and semiarid areas, White Nile scheme, part of Gezira scheme, and in the higher terraces of the River Nile. Most of the saline areas in Sudan have a relatively low nutrient status and contain 0.01 to 0.02% organic N (Salih and Elsheik, 2014) . In China, saline areas are mostly located in the northwest, and along the Yellow River near the Bohai Sea (Ibrahim et al., 2016b) . The area of saline-alkali soil in China is approximately 34.6 million ha, of which only 7.6 million ha was used as arable land (Wang et al., 2011) . Salt stress usually decreases plant growth and development through osmotic impact, ion toxicity, and/or their interactions (Munns, 2002) .
Plant hormones are signal molecules produced within the plant, and occur in deficient concentrations, and are vital parts of the signal cascade included in the induction of plant stress responses. Concentrated efforts have been made to alleviate the adverse influences of salinity by utilization of plant growth regulators. Plant growth regulators are often used to defeat seed dormancy, and can significantly improve seed germination in various species, mainly by the activation of embryo growth, mobilization of reserves, and weakening of the endosperm layer (Pallaoro et al., 2016) .
Plant hormones such as gibberellic acids (Chunthaburee et al., 2014) , abscisic acid (Wei et al., 2017) , and salicylic acid (Dotto and Neumann Silva, 2017) have been used to improve seed germination and seedling growth of different crop species, such as rice (Oryza sativa L.) (Chunthaburee et al., 2014; Wei et al., 2017) , maize (Zea mays L.) (Ghodrat and Rousta, 2012; Pallaoro et al., 2016) , sugarbeet (Beta vulgaris L.) (Kandil et al., 2014) , and safflower (Carthamus tinctorius L.) (Aymen et al., 2012) . Gibberellic acids play essential roles in several plant growth and development processes, including seed germination, stem elongation, and leaf expansion (Khan and Chaudhry, 2006) . Although salinity stress significantly affects different plant growth stages, germination and early seedling are recognized as more sensitive growth stages in most plant species (Ibrahim et al., 2016a) . Seed germination is an essential factor narrowing the establishment of the crop under the saline soil. These conditions may induce significant decreases in the germination rate and percentage. Many investigations were conducted to examine the effects of salinity on seed germination (Ibrahim et al., 2016a (Ibrahim et al., , 2016b Nimir et al., 2014) . It is estimated that the depressive impact of salinity on germination could be associated with a deterioration in endogenous levels of hormones. Various investigations showed that gibberellic acid (GA3) has significant effects on several of the biological processes that happen in plants, before-mentioned as improved germination percentage in several plants under natural conditions (Al Sahil, 2016; Kandil et al., 2014) . The aim of this investigation is to explain the variation in salt resistance through germination, as covered by a range of germination and seedling characteristics, among wheat varieties bred in different countries (Sudan and China) under different GA3 concentrations.
MATERIALS AND METHODS

Plant Material
Four varieties, Imam, Argin (cultivated in the salt-affected area in Sudan), Yang 11-10, and Xumai 30 (grown on the salt-affected area in China) were used in this experiment. All the seeds were less than 18 mo old. The seeds were sterilized with 2.5% sodium hypochlorite (NaClO) for 2 to 3 min, then flushed with distilled water three times, and then air-dried. Moreover, within each variety, the seeds of uniform color, size, and shape were selected for the experiment.
Experimental Design
The experiment was conducted two times in a controlled environment in Yangzhou University, Jiangsu Province, China, in the spring season of 2017. The study was designed as a factorial experiment arranged in a completely randomized design with three replications for each experimental unit. The study was designed with three factors-variety (Argin, Imam, Yang11-10, and Xumai 30), salinity (0, 100, 200, and 300 mM NaCl), and hormone (0, 0.29, and 0.58 mM GA3). Wheat seeds were pre-soaked in GA3 solutions for 12 h. After seed soaking, the solutions were dropped, and the seeds were air-dried under shade for 2 d. From each variety, 50 seeds were ordered on two layers of Whatman filter paper soaked with 5 mL saline water at the various salt concentrations or distilled water and located in a 9-cm Petri plate. Petri plates were closed to decrease the evaporation. The seeds were incubated 25°C in full darkness. Two mL of tap water or saline water was added to each Petri plate day after day.
Water Imbibition Test
In this test, the seeds were balanced before absorbing and at 24 h after the start of water uptake. For the determination of seed water imbibition, seeds were transferred, drained, immediately dried with soft paper, weighed, and turned to Petri plate (Ibrahim et al., 2016b) . Seed water uptake was measured as:
Germination Test
Germination Rate
The number of sprouted seeds in every Petri plate was calculated daily. The seeds were regarded sprouted when the radicles length reached about 2 to 3 mm (Ibrahim et al., 2016b) . Germination rate was determined using the next equations: 
Germination Percentage
The final germination percentage was determined when no additional germination was shown in the 0 mM NaCl treatment after the 7th day. Germination was shown for a total of 7 d, and the following equation measured germination (%):
No. of germinated seeds Germination (%) 100 No. of whole seeds = ×
Growth Measurements
Ten days later the seedlings were collected, and the following measurements were examined: root and shoot length, dry weight, salt tolerance index (STI), and seedling vigor index (SVI).
Root and Shoot Length. Randomly five seedlings were taken from separate Petri plates at the 8th day. Roots and shoots were separated from seeds and then the length was estimated with a small ruler.
Dry Weight. Dry weight was measured from five plants from every Petri plate after drying at 80°C for 2 d to fixed weight.
Salt Tolerance Index. Salt tolerance index (STI) was determined as (according to Carpýcý et al., 2009 ): 
Data Analysis
The study was performed two times, and results of statistical analysis showed there were no significant differences in all factors among the two times. So, the mean of the two times of each variable was applied for statistical analysis. The data were analyzed following the method of (Gomez and Gomez, 1984) using the statistical package of MSTAT-C (Freed et al., 1991) . Means compared by the LSD test when F values were significant (P ≤ 0.05) by an ANOVAprotected test.
RESULTS
Water Uptake Test
The results showed that there were highly significant differences between variety, salinity, hormone, the interaction between variety and hormone, and the combination of salinity with the hormone in water imbibition (Table 1 ). The water imbibition in the hormone treatment increased with the increase of hormone concentration as compared with the control treatment (0 mM GA3). At the 0.58 mM GA3 level, Imam had the highest value of water uptake. In the interaction between variety and hormone, based on water uptake as the results of a mean of the mean, the wheat varieties were arranged in a descending arrangement of Imam, Xumai 30, Argin, and Yang 11-10 ( Fig. 1A ). In the interaction between salinity and hormone, GA3 has significantly increased water uptake. At high salinity concentration, 0.58 mM GA3 increased water uptake by 33.9% compared with the control (0 mM GA3) ( Fig. 1B) . 
Germination Characteristics Germination Rate
The results of analysis of variance showed there were highly significant differences between salinity, hormone treatments and their interaction, and likewise germination rate significantly affected by the interaction between variety and salinity (Table 1 ). In the interaction between variety and salinity, with increasing salt concentration germination rate was decreased gradually. At the highest salinity concentration (300 mM NaCl), Argin had the greatest germination rate (35.6), and lowest germination rate (20) was recorded in Yang 11-10. According to the reduction in germination rate, the varieties were ordered from the highest to the lowest value as Argin, Xumai 30, Imam, and Yang11-10 ( Fig. 2A ). In the interaction between GA3 and salinity treatment, the highest value of germination rate was recorded in 0.58 mM GA3 (44). At 300 mM NaCl, 0.58 mM GA3 increased germination rate by 29.4% compared with the control (0 mM GA3) (Fig. 2B ).
Germination Percentage
Germination percentage was significantly influenced by all trial factors and their interactions (Table 1) . At all salinity concentrations, 0.58 mM GA3 had the high germination percentage (90%), whereas 0 mM GA3 had the lowest percentage (84.7%). At the highest salinity level, the highest percentage was recorded in Argin at 0.29 mM GA3. Based on germination percentage the varieties were arranged in descending order of Argin, Xumai 30, Imam, and Yang11-10 (Table 2) .
Growth Characteristics
Root and Shoot
Root and shoot length was significantly influenced by all the trial factors and their interactions on most occasions (Table 1) . At 300 mM salinity concentration, the tallest and shortest root length was recorded in Xumai 30 (0.7 cm) followed by Imam (0.5 cm), Argin (0.5 cm), and Yang 11-10 (0.4 cm) ( Table 3 ). Shoot length affected by the interaction between variety and salinity treatments, at the 300mM NaCl concentration, the tallest and shortest shoot was 0.64 and 0.3 cm, estimated in Argin and Yang11-10, respectively (Table 4 ). Likewise, shoot length significantly affected by combination of salinity with hormone treatments, in all salinity levels GA3 increased shoot length, but at the highest salinity level results showed that there were no significant differences among hormone treatment (Table 5 ). Fig. 1. Effects of the interaction between (A) hormone and variety and (B) hormone and salinity on water uptake (%) of different wheat varieties. Bars with  the same letter are not different at the 0.05 probability level. Means separated by the LSD test. 
Dry Weight
The dry weight was negatively influenced by increased salt concentration. At 300 mM NaCl, plant dry weight was significantly decreased, with a decrease of 77% for Argin, 85.7% for Imam, 81.4% for Xumai 30, and 82.3% for Yang 11-10 compared with the control (Table 5 ). In the interaction between salinity and hormone, dry weight was positively affected by increasing hormone concentration. At high salinity level, 0.58 mM GA3 increased dry weight by 76.12% compared with the control (0 mM GA3).
Salt Tolerance Index
Salt tolerance at the seedling growth phase represented with STI differed among varieties. Argin had the most significant STI whereas the lowest value was recorded in Yang 11-10 on average. At 200 mM NaCl, Imam had a higher tolerance to salinity than others. However, Argin had the highest STI at 300 mM NaCl treatment. According to STI at the seedling growth, Argin had the highest STI followed by Xumai 30, Imam, and Yang 11-10 (Table 4 ). In the combination of salinity with the hormone, GA3 significantly increased STI at all salinity concentrations. At high salinity concentrations, GA3 increased STI by 67.12% compared with the control (0 mM GA3) ( Table 5) .
Seedling Vigor Index
Results revealed that salinity significantly influenced seedling vigor index and hormone treatments and their interactions. Likewise, there were significant differences in interaction between variety and salinity (Table 1) . Based on SVI, the varieties were arranged in descending order of Xumai 30 (6.7), Argin (6.5), Imam (5.5), and Yang 11-10 (6.5) (Table 4 ). Seedling vigor index was positively affected by GA3 at all salinity concentrations. At the high salinity level, 0.58 mM GA3 increased SVI compared with the control (Table 5 ). Fig. 2. Effects of the interaction between (A) variety and salinity and (B) hormone and salinity on germination rate of different wheat varieties. Bars with  the same letter are not different at the 0.05 probability level. Means separated by the LSD test. 
DISCUSSION
Among abiotic stress, salinity stresses are especially critical in agriculture because they can significantly decrease crop productivity, which is one of the most measureable impacts on crop cultivation. Good early seedling growth and high-quality germination are critical for crop establishment, which is essential for reaching reasonable economic yield. If there is high germination, there would be sufficient seedlings to provide the proper plant density. In this experiment, four wheat varieties (two from China and two from Sudan) revealed that there were varietal variation response to salt stress and exogenous GA3. Moreover, there were variations in the rate of decrease in water imbibition, germination, and seedling growth characteristics.
In this study, reduction in water imbibition was seen by increasing salt concentration in the examined varieties. Our findings are in agreement with earlier studies in wheat (Ibrahim et al., 2016b) . The osmotic impediment due to salt concentration impacted water imbibition (Atak et al., 2006) . The study findings were related to the results of various studies of Ibrahim et al. (2016a) and Nimir et al. (2015) . They concluded that seedling growth and seed germination decreased in salinity with different responses for varieties. The salinity changed seed germination by generating an outer osmotic potential inhibiting water imbibition. However, many investigations have shown that water uptake in wheat (Moud and Maghsoudi, 2008) and sorghum [Sorghum bicolor (L.) Moench] (Nimir et al., 2014) crops significantly decreased under saline conditions. On the other hand, the application of GA3 significantly increased seed water uptake. Our findings agree with those reported by Nimir et al. (2014) , who observed that GA3 treatment, was an effective treatment for improving water uptake.
In this study germination rate and germination percentage declined under salt stress. Damaged seed germination is the critical factor determining the crop establishment under salt conditions (Khan et al., 2003) . The inhibitory impact of salt stress on germination characteristics of many crops have been published earlier (Afzal et al., 2012) . Rahman et al. (2008) reported that salinity significantly inhibited the germination essentially due to modified water relations generated by high salt accumulation in intercellular spaces (Zhang et al., 2006) . The weakness of seeds to germinate under salt stress may be due to embryo damage by Na + /Clions or inhibition of seed water imbibition (Rahman et al., 2008; Saboora et al., 2006) . Salt-tolerant wheat species had lower rates of sodium ion accumulation than the salt-sensitive ones (Ali et al., 2004) . In the present study, GA3 significantly affected number of seeds germinated and germination rate, and alleviated the adverse impact of salinity by improving the mobilization of starch reserves and improving amylase activity in cotyledons, which ultimately leads to better seedling growth. This finding was supported by Kandil et al. (2014) .
Moreover, the results show that all varieties of wheat had a high germination rate, even at the highest NaCl concentration (300 mM), if seeds were treated with GA3. Such an improvement provided by exogenous materials has also been recorded in other crops such as sweet sorghum (Nimir et al., 2016) and alfalfa (Medicago sativa L.) (Jorjandi and Sharifi-Sirchi, 2012) . GA3 stimulated seed germination via the synthesis of the α-amylase enzyme, and other factors increased the hydrolysis enzymes, which affect hydrolysis of storage materials, including starch, and transform them into simple sugars that move to growing points (Zadeh et al., 2015) .
In our investigation, salt stress affected the seedling growth by decreased root and shoot length and dry weight. Salinity decreased root length and shoot length as the concentration of NaCl increased; nevertheless, the reduction of the root length was more noticeable as associated with shoot length. The decrease in the root length and shoot length may be caused by the toxic influence of NaCl and to a deficiency of the nutrient amount. Some studies indicate that the plant has a reduction in its growth due to the proportional increase of Na. Ibrahim et al. (2016a) observed that the root growth was more adversely affected compared with shoot growth by salinity. The decline in dry weight was more pronounced in varieties having greater germination percentage and seedling length. Our results are in agreement with other researchers. For example, Nimir et al. (2014) reported that a negative relationship was detected between increasing salinity and vegetative growth parameters, and a similar finding has been reported by Ibrahim et al. (2016b) . On the other hand, in this investigation GA3 significantly increased the seedling growth and alleviated adverse effects of salinity. This is in support of earlier studies (Kandil et al., 2014) , which showed that treatment with GA3 significantly increased seedling growth. The increased invertase activity in shoots, with GA3, had been reported to be due to a stimulated inflow of carbohydrates toward shoots. Therefore, it can be understood that GA3 might be countering stress by increasing sucrose transport to shoots from cotyledons, which had been reduced under stressed conditions, and also by increasing invertase activity in shoots (Kaur et al., 2000) .
CONCLUSION
Gibberellic acid has rarely been used for improving wheat salt tolerance under high salinity concentrations. These results reveal that the GA3 pre-soaking application positively affected germination and early seedling growth characteristics, and further alleviated the adverse effect of salinity. The results from this study show that varieties Argin and Xumai 30 indicated better performance at higher salinity (300 mM NaCl), and are suitable for breeding under saline conditions.
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